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STATIC-PRESSURE ERROR.OF AN AIRSPEED INSTALLATION

ON AN AIRPIANE IN HIGH-SPEED MVES MD PULL-OUTS

By John A. Zalovcik and

SUMMARY

Clotalre Wood

Tests were made in high-speed dives and pull-outs to
determine, by combined radar-aptical tracking equi-pment,
the static-pressure error of an airsgeed-head installation
on a P-51B air~lane. The i~stallation Included a ~itot-
static head mounted on a boom 95 percent chord uhead of
the leadin& edge of the wing near the tip. The tests were
made in dives at flight Mach numbers up to 0.75 and in-
cluded pull-outs up to 443normal acceleration.

The results indicated that the static-pressure error
did not vary with Mach number by more than about 1 percent
of the im~act pressure over the range of conditions inves-
tigated.

INTRODUCTION

Flight data on the variation with Mach number of the
static-pressure error of pitot-static-tube installations
have generally been limited by the available testing tech-
niques to speeds attainable in level flight. Inasmuch as
the maximum speeds in level flight for mast present-day
airplanes do not exceed a Mach number of 0.6, the varia-
tion in static-press~re error wlthliach number beyond this
value has not been obtained Id_therto in flight, although
some information is available from wind-tunnel tests
reported in reference 1.

For a recent high-speed investigati~n of a P-51B air-
plane, an airspeed calibration was required in dives and
pull-outs up ta a Mach number of 0.75. A method was there-
fore devised for obtaining such a calibration by use of
radar-optical tracking equipment to establish the reference
altitudes. The calibration obtained by this r.ethod was
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2 NACA RB No. L5K29a

supplemented by data obtained up to high speed in level
flight by a method (.descrfbed in reference 2), which
malkes use of a lanclnarkor another airplane to provide
the reference altitude.

The results of these calibrations are believed to be
of general interest and are therefore reported ‘nerein.
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SYMBOLS

●
static pressure indicated by airspeed installation

free-stream static pressure or atzmspheric pressure
at altitude h

NACA standard atmospheric pressure at altitude h
(from reference ~ )

free-stream total pressure

free-stream impact pressure (H - p)

free-streti Mach number

airnlane lift coefficient

Airplane equipment.- The airspeed-head installation
of the P-51B i 1 Is shown in figure 1. A Kollsman
type 651B air~p%da:~ad (fig. 2) was used and was mounted
95 percent chord ahead of the leading edge cJf’the wing.
The boom supporting the airspeed head was located
85 percent semispan from the plane of symmetry, at which
station the wing section had a msximmfi tkickness equal
to 12 percent of the chord. Pressure leads from the
static-,and total-pressure elements of the airspeed head
were corinectedto an NACA airspeed recorder to measure
impact pressure; the static-pressure element was also
connected to a recording altimeter.

The airplane was equipped with an NACA single com-
ponent recording accelerometer, an NACA chronometric timer
to synchronize all records, and a radio to communicate
the timing signals to the ground equipment.
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NACA RB No. L~K29a 3.

Ground equi ent.- The tracking equipment used to
establtsh-the- herght “oF.the’airpl~e .consis.t.e@.Of.a..cqm-”
bination of a radar unit,f’orthe determination of range
~d a phototheodolite for the dete~~natlon @ the ele-
vation angle. .’

Test procec?ure.- The first step in the test procedure
consisted 1 btaInlng a survey in a climb at an indicated
klrspeed ofnl~5 miles ner hour over a range of altltude
from about 15,000 to 26,000 feet in order to establish
the relation of atmospheric pressure to actual altitude.
In the survey, at intervals in altitude of approximately
1000 feet, simultaneous reoords were”taken of static
pressure, Impact pressure, and normal acceleration in
the airplane and of’elevatlon angle and range of the
airplane with the tracking unit. The airplane was then
dived to a flight Mach number of 0.75 and pulled out with
2g normal acceleration within the range of’altitude sur-
veyed; continuous and simultaneous records of’static
pressure, impact pressure, normal acceleration, range,
and slevation angle were made during these maneuvers. A
second dive whs made over the same range of altitude and
ldach number but with a pull-out at a normal acceleration
of ~. After the second dive and pull-out the survey in

-climb was repe~ted and was followed by a survey in a
descent at the same speed and over the same range of
altitude.

The results of the surveys of atmospheric pressure
are shown in figure 3 in which the difference Between
atmospheric pressme p and standard atmospheric pres-
sure p~ is plotted against altitude h. The static
pressures obtained In the climbs and during the descent
were corrected to atmospheric pressure by use of the
static-pressure error of the airspeed installation as
determined from a low-speed calibration. This calibration
was made over a range of Mach number from O.* to 0.43
by a method (described in reference 2) in which level-
flight runs are made past a landmark or a reference air-
plane of known presscre altitude and a sensitive alti-
meter is used to measure the static pressure ihdlcated by
the airspeed. installation.

The static-pressure error In the dive and pull-odt
was found by taking the difference between the static
pressure measured at a given altitude in the dive’and
pull-out and the atmospheric pressure determined from the
pressure surveys at the same altitude. ?leasMrements of
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static pressure, impact pressure, and norual acceleration
were used to evaluate the Mach number and lift coefficient
corresponding to the determined static-pressure error.

A ground check of the lag of the airspeed installa-
tion indicated that the effect of lag on the measurements
was negligible.

RESULTS ANI) DISCUSSION

The results of the airspeed calibration made at Mach
numbers of 0.24 to 0.~3 in level-flight runs ~ast a land-
mark and also past a reference airplane are pg~sented in
figure 4 as a plot of static-pressure error +

against airplane lift coefficient CL. The fli&t Mach
numbers corresponding to the airplane lift coefficients
are plotted above the curve for static-pressure error.
The static-pressure error was constant over the range of
the test conditions and was 1.8 percent of the impact .
pressure.

The static-pressure error detemnined in the two
high-speed dives and pull-outs by means of’the radar-
optical tracking equipment is plotted in figure 5 against
airplane lift coefficient for various ranges of Mach
number and in figure 6 against Mach number far variohs
ranges of airplane lift coefficient. The results of the
level-fllght calibration are also Included in figures 5
and 6. At a lift coefficient of about 0.1, the static-
pressure error showed no variation with Mach number within
the experimental accuracy. At higher lift coefficients
the static-pressure error showed a tendency to increase
slightly with increasing Mach numbers; the increase was
of the order of 1 percent of the impact pressure over the
range of Mach number tested. These results are in aGroe-
ment with those obtained from the wind-tunnel tests
reported in reference 1, which indicated that for a
static-pressure tube located 55 percent chord or more
ahead of an &irpl&ne wing the variation of static-pressure
error with Mach number was no more than about 1 percent
of the impact y?essure, at least fcr Mach numbers from 0.4
to 0.8 and for wing thicknesses up to 15 percent chord.
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. .. . CONCLUSIONS
.:.,.,,.

.-.

The calibration of’an airspeed installation with the
airspeed head mounted 95 percent ctird .&head of the
P-51B airplane wing near the tip indicated”that the
static-pressure error did not vary with Mach number by
more than about 1 percent of the Impact pressure up to
the highest Mach number (0.75) covered in the tests.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics ‘

LanSley Field, Va.
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Figure l.- Airspeed head mounted on boom ahead of wing of P-SIB airplane~
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Figure 2.- Kollsman type No. 651B airspeed head.
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Figure 3.- Variation with altitude of the difference between
atmospheric pressure and standard atmospheric pressure as
determined from surveys.
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Figure 4.- Variation of static-pressure error with lift
coefficient determined in level flight. Mach number
corresponding to each value of lift coefficient also
shoWn .
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Radar-optical tracking, dive 1
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Figure 5.- Variationof static-pressure
airplanelift coefficientfor several
Mach number.
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Fig. 6a-d
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o Radar-optical tracking, dive 1
❑ Radar-optical tracking, dive 2
O “Level-flight calibration

(a) CL from 0.03 to 0.10.

(b) OL from O.lOto O.20.

(c) o~ from 0.20 to 0.30.
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(d)CL from0.30to 0.40.
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Figure 6.- Variation of static-press-e error with Mach
number for several rages of airplane lift coefficient.
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